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no signi ing, tubing o ker” and (2) “the cament at iop of
the émjecﬁm Emew.aﬂ E”aaa integrity.” TE'E test pr@@@dur@s to periorm me hf’m cal
integrity tests were reviewad and approved by the U.S. EPA and ithe Michigan
Department of Environmental Quality (MDEQ) prior to initiating the fisldwork.

In addition to the mechanical intagrity
test was run on Well #1-12 to assist in evaluaiing the injection zone and
condition.

sis, a iemperature survey and ambient pressure

4

formation

SUMMARY OF RESULTS

An annulus pressure test (APT) was performed on July 25, 2016 to demonstrate that
there is no significant leak in the tubing, casing or packer. The fluid-filled annulus was
pressurized to 973-psi for one (1) hour. There was a 1 psi raise i 'ﬂ pressure for the
duration of the test. This constitutes a successiul pressure test with a 0.1% change
in pressure.

A temperature survey (TS) was run on July 25, 2016 from surface to 4510 feet. The
survey displayed no indication of a loss of external mechanical integrity and did not
display any signs of upward fluid movement into unpermitted formations.

A Radioactive Tracer Survey (RTS) was run on August 8, 2016 to test the bottom
hole cement. The RTS survey confirmad the leak-free condition of the tubing within
the test interval as well as depicting that all injected fluids exited the injection fubing
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ANNULUS PRESSURE TESTING
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The APT was performad on Well #1-12 on July 25, 2016. This tesi was performed to

confirm the integrity of the injection siring, long siring casing, the wellhead and ths
packer.

(O]

Annulus Pressure Test Procedures

The procedures for the APT were submitied to the EPA and can be found in
Appendix A of this repori. The procedures involve the pressuring up of the annulus
and should be monitored for one (1) hour. Pressures should be monitored and
recorded on ten (10) minute intervals for the entire hour test.

)

Annulus Pressure Test Resulis

The annulus pressure test on Well 1-12 was pressured up on July 25, 2016 to 973
psi and stabilized at 0845. The pressure was monitored by an APG Digital Model PG
3000; serial number 23339, (0-2000 psi) gauge that was calibrated on February 22,
2016. During the one (1) hour test the total change of pressure was a rise of one (1)
psi to 974 psi. This change of one (1) psi represents a pressure change of 0.1% psi,
the aliowable change of 3% (29.19). This test demonsiraies mechanical integrity.

[3®)
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The procedures for the femperature survey are found in Apopendix A of this report
which was submitted and aporoved by the U.S. EPA before any fieldwork was
staried. The temperature tool calibration was confirmed by using a bucket
incorporating the use of both cold and hot waier as well as a digital meter. This test
is displayed at the beginning of the temperature log which can b found in Appendix
F. The base temperature was run frorn surface down {o 4510 fe

Temperature Survey Results
The last two times that termperaiure surveys were run on Well #1-12 were December

4, 2012 and June 26, 2013. The data that was collected at that time was compared
to the July 25, 2016 data and is displayed in the Table below.



100 54.6 5.0 53.5
500 515 62 528 00 52.0 58
1000 54.0 5.0 55.3 54 54.7 54
1500 567 54 581 56 57.5 56
2000 593 52 806 50 50.0 50
2500 634 82 85.0 58 644 88
3000 71.0 152 741 182 735 182
3500 773 128 792 10.2 78.6 10.2
4000 817 8.8 83.2 8.0 82.8 8.4
4250 80.7 70 | 82 8.0 85.2 96
4500 875 138

As can be seen in the table above, both the actual iemperaiures and calculated
gradients obtained July 25, 2016 are consistent with images from the December
2012 and June 2013 logs. There are a few interpretations’ that have to be made.
First, the temperature at top of fluid for 2016 is higher which can be attributed to the
actual top of fluid in the well over the past years. Another factor is the temperature of
the thermister before it reaches the fluid. Secondly cooling start at 4025 and
reaches its coolest at 4075’, which can be expected due to cleaner rock at the botiom
of the 7" casing. The fluid immediately heats up while going thru the shale at 4150".
The majority of the fluid is going into formation at 4325’ finding clean rock again. This
log confirms that there is no fluid movement upward out of the injection zone (3487).
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tested. Fluid is injected an: progrese of ths slug m | by repeatedh
vering the logging tool below the moving slug and logging upward through the slug.
A second verification of the absence of upward fluid movement is obtained by

releasing a slug of lodine 131 above the area 1o be tested. The logging ool is set at
the depth of interest and gamima radiation is recorded for gpp?r@xamale%y 30 minuites
with the logging tool siaiionary. A final gamma ray survey is run to complete the

logging procedure

Radioactive Tracer Survey Procedure

The procedures for RAT were submitted to the EPA and can be found in Appendix A.
Results of '&h@ Radioactive Tracer Survey

An RTS was run between 4508 feet and 3083 feet injection Well #1-12 on August &,
2016. The log can be found in Appendix G.

A. First Base Log: 4506 feet to 3063 fest

B. Five (5) minute statistical check at 3955 feet
Five (58) minute statistical check at 3802 feet

C. First radioactive slug ejected at 3750 feet.
Stationary time drive seguence
Fluid pump rate — 30-31 G PM
Injection pressure 326 psi

[}



TOP | DEPTH | GPW

START | S
1| 3213 | 3188 | 3202 | 30
2| 3328 | 3294 | 3314 | 30
3] 3448 | 3406 | 3433 | 30
4] 3603 | 3560 | 3585 | 30

o |||

3765 3708 3744 30

3936 3880 3916 30
7| 4092 | 4030 4078 30
g1 4160 | 4081 4115 30
9] 4192 4100 4162 30
10} 4255 | 4112 4233 30
11] 4336 4284 | 4318 30
12| 4363 | 4332 4354 30
13 ] 4381 4363 4372 30

Final Base Log 4514 feet to 3055 fest

The radioactive tracer run in Well #1-12 on August 8, 2016 confirmed the
leak-free condition of the tubing within the test interval as well as depiciing
that all injection fluids exited the injection tubing below the packer and
moved out into the injection zone. The RTS verified that the cement at the
top of the injection interval has integrity and there is no upward migration of
injection fluids around the casing shoe.

[&)]
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6.1

AMBIENT PRESSURE MONITORING

In accordance with the United States Environmental Protection Agency’s (U.S. EPA),
requirements for the Class | UIC permit number MI-163-1W-CO10 granted to
Environmental Geo-Technologies, LLLC (EGT) and with the State of Michigan permit
number M-452, a bottorn hole pressure falloff test (Ambient Pressure Monitoring) was
run on Well #1-12 to assist in evaluating the injection zone.

John Frost from EGT, Craig Merges from J.O. Well Service and Testing, and Richard
Schildhouse from PB witnessed the Ambient Pressure Monitoring test which was run
from August 9, 2016 to August 10, 2016.

AMBIENT PRESSURE MONITORING PROCEDURES
Procedures for performing the Ambient Pressure Monitoring were submitted to the

regulatory agencies prior to doing any field work. A copy of those procedures can be
found in Appendix A of this report.

6.2 AMBIENT PRESSURE MONITORING RESULTS

All depths in this report, unless otherwise noted, are referenced to the Kelly Bushing
(KB) elevation which is 13 feet above the ground level elevation for Well #1-12. J.O.
Well Services ran bottom-hole pressure gauges into Well #1-12 and set the gauges at
3950 feet KB on August 9, 2016. ‘

Injection into Well #1-12 began at 07:24 AM on August 9, 2016 and continued until
08:33 PM on August 9, 2016, at which time Well #1-12 was shut in for the pressure
falloff portion of the testing. The pressure falloff was monitored for approximately 9.75
hours. PB analyzed the test data with the assistance of the commercially available
software program PanSystem3.4®. The PanSystem3.4° output for the analysis of this
test is presented in Appendix B. J.O. Well Service and Testing, Inc.’s pressure test
report and gauge calibration certificates are presented in Appendix C.

Table | lists general information as well as the reservoir characteristics for this well.
Table |l lists data pertinent to the current test. Table lll lists the duration and final
pressure measured during the pressure falloff test.



— _Tow— T kel T he i B « EE— - — - —

Figure 1 shows the bottom-hole pressure data that was recorded during both the
injection and falloff periods of the testing on Well #1-12. It should be noted on Figure
1 the bottom-hole pressure began increasing approximately 1.677 hours following
shut in. Radial flow developed at an elapsed time of 0.24 hours following shut in.
Since radial flow developed prior to the pressure increase, a valid analysis of the
pressure falloff data couid be performed. Figure 2 is a Cartesian plot of the bottom-
hole pressure data versus elapsed time recorded during the falloff period. The first
step of the analysis consisted of generating a log-log diagnostic plot of Ap and the Ap
derivative versus equivalent shut-in time (Figure 3) to determine the time at which
radial flow begins. From the log-log diagnostic plot, radial flow begins at an elapsed
time following shut in of 0.24 hours.

The formation mobility-thickness, kh/p, was obtained from the slope of the line
passing through the pressure data which occurred during the radial flow period
(depicted in Figure 3) on the Horner semi-log plot (Figure 4). Figure 5 is an expanded
view of Figure 4. The radial flow period begins at an elapsed Horner time following
shut in of 1.84 and continues to the point where the bottom-hole pressure began
increasing. The slope of the straight line passing through this region is 6.4274 psiflog
cycle. The following equation is used to calculate mobility-thickness:

L 162.6S§
Q m
where:
kh/p. = mobility-thickness, md-ft/cp
1626 = constant
q = flow rate, barrels per day
m = slope of semi-log line, psi/log cycle
B = formation volume factor, reservoir volume/surface volume

Using the following values, the mobility-thickness is found to be 27,851 md-ft/cp:

1

31.45 gpm = 1090.23 barrels/day
6.4274 psillog cycle
1.0 reservoir barrel/surface barrel

N

q
m
B
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The permeability-thickness, kh, was determined to be 22,225 mad-ft by multiplying the
mobility-thickness, kh/y, by the viscosity of the waste fiuid of 0.798 centipoise:

- [kh}p
M
= (27,851)(0.798)

= 22,225 md-fi

The formation permeability, k, was found to be 167.11 md using the formation
thickness of 133 feet:

k="
h

22,225
133

167.11md

I

The following equation is used to calculate the formation skin factor:

s=1.151{p“’f_p1“'—log( L )4-323}
m oucr’




Using the following values, the skin factor is found to be 40.91

pwi = 204521 psia

e = A777.31 psia

m = B6.4274 psiflog cycle
k = 167.11 md

¢ = 1%

1) = 0.798 cp

= 6.2x10°psi?

fwr = (.3646 fest

% 15q] 2048.21-1777.31_ 167.11 a0
T 6.4274 T2L(0.11)(0.798)(8.2x10°)(0.3646)F |

=40.91

The change in pressure, Apskn, in the wellbore associated with the skin
determined to be 228.50 psi using the slope of the straight-line portion of the radial flow

plot, the calculated skin factor, and the following squation:




E o fw P siin
PP

E flow efficiency, fraction

Dwi = flowing pressure prior to shutting in the well for the Tallofi, 2045.21
psia

P = pressure exirapolated to an infinite shut-in time from the straight-line
portion of the radial flow plot, 1769.88 psi

Apskin = pressure change due to skin damage, 228.50 psi

Substituting these values, the flow efficiency was calculated to be 0.17

2045.21-1769.88-228.50
 2045.21-1769.88
=0.17

E:

A summary of the resulis of the pressure falloff analysis is presented in Table IV



&

Ihe temperature survey that was run on July 25, 2016 was comparable

to the previous surveys conducied on December 4, 2012 and June 26,
2013. The 2018 survey displayed no indication of any fiuid having an
upward moveme ‘@i, fzhug confirming external integrity.

The cement at the top of the injection m'@:@mg% and around the casing

he survey that was run on August 8, 2018 indicated
that all fluids left the injection string and @ﬂi@ﬁ“@@ into the formation and
showed no indication of upward movemenis.

shoe has integrity. T
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TABLE IlI

DATA SUMMARY FOR FALLOFF PERIOD

Total Shut in Time 9.75 hours
Final Shut in Pressure 1775.96 psia
B s
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Welibore Storage Cs
Mobility-Thickness Kh/y
Permeability-Thickness kh
Permeability K
Skin Factor s
Pressure Drop due to Skin (Ap)s
Flow Efficiency (Condition Ratio) FE
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Well #1-12 Cartesian Plot
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Figure 2




Well #1-12 lLog-Log Plot
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Well #1-12 Radial Flow Plot
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)

KICK—OFF POINT
1,481" GL/TVD
1,494 KB/TVD
1,494’ KB/MD

TOP OF CONFINING ZONE
2,364’ GL/TVD
2,377 KB/TVD
2,409" KB/MD

TOP OF INJECTION ZONE
3,369° GL/TVD
3,382" KB/TVD
3,467 KB/MD

TOP OF INJECTION INTERVAL
3,937" GL/TVD
3,950" KB/TVD
4,045 KB/MD

TD 4,522 GL/TVD
4,535 KB/TVD
4,645" KB/MD
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BELOW GROUND DETAILS

CONDUCTOR CASING: 20" 0.D., 94 Ib/ft, SET AT
119" KB/MD, 119" KB/TVD IN 24" HOLE AND
CEMENTED TO SURFACE

SURFACE CASING: 133%” 0.D., 48 Ib/ft, H—40 SET AT
396’ KB/MD, 396' KB/TVD IN 174" HOLE AND
CEMENTED TO SURFACE

INTERMEDIATE CASING: 9%" 0.D., 36 Ib/ft, J—55 SET AT
824" KB/MD, 824’ KB/TVD IN 124" HOLE AND
CEMENTED TO SURFACE

LONG STRING CASING: 7" 0.D., 26 Ib/ft, J—55 SET AT
4,080" KB/MD, 3,984 KB/TVD IN 8%" HOLE AND
CEMENTED TO SURFACE

INJECTION TUBING: 4—1/2" 0.D. FIBERGLASS
TO 4,050" KB/MD, 3,955 KB/TVD

ANNULUS FLUID: OiL BASED FLUID

PACKER AND SEAL ASSEMBLY: 4—1/2" X 7" GPS' PACKER,
TOP AT 4,050' KB/MD, 3,955" KB/TVD.

BOTTOM AT 4,055" KB/MD, 3,960 KB/TVD

DIESEL PAD UNDER PACKER

TOP OF FILL AT 4,246° KB/MD, 4,147 KB/TVD

TRUE BOTTOM OF WELL IS 211" SOUTH
AND 754’ WEST OF SURFACE LOCATIONS

GROUND LEVEL ELEVATION 626.6

PoWSP | 2353915 o

FIGURE 6

ENVIRONMENTAL GEO-TECHNOLOGIES, LLC

ROMULUS, MICHIGAN
EGT #1—-12 WELL SCHEMATIC

DATE: 9/13/16 |CHECKED BY:RWS  [JOB NO: 50909A

DRAWN BY: CRB |APPROVED BY: RWS
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CERTIFTED MATL, 7014 2870 0001 9572
RETUR TR@@E@‘E REQUESTE TED

Richard J. Powals

Vice-President

Environmental Geo-Technologies, LELC
28470 Citrin Drive

- Romulus, Michigan 48174

Subject:  Approval of Proposed Procedures for Testing in the Enviroumenial Geo-
Technologies #1-12 and #2-12 Wells, U.S. Environmenial Protection Agency
Underground Injection Conirol Permit #MI-163-1W-C010 and

- #MI-163-1W-COL1, July 2016

Dear Mr. Powals:

The U.S. Environmental Protection Agency has reviewed and hereby approves the
procedures proposed in your letter of June 20, 2016, for the testing referenced above with

several conditions.

A copy of the pressure gauge calibration cextificate for each gange used during the testing
(Standard Annulus Pressure Test and Ambient Reservoir Pressure Monitoring) should be
submitted with your report.

I am enclosing information sheets for these tests. We request you fill in the blank cells
and confirm the data in the gray cells and retum the information sheets with the test
results and interpretation, and up-to-date well schematics. This will help ensure that all
the information we require for interpretation of the test will be included in your
submission. Any anomalies in test results should be discussed. For example, both 2015
fall-off tests showed unusual behavior that was not initially discussed in EGT’s reports.
Note also that the differences between the two fall-off tests should be discussed. When
reporting depths from the deviated well, please make it clear whether the depths are
measured depths or true vertical depths, as appropriate. Please remember to submit the
digital data either on CD or by email when you submit your report. Note that if the tests
do not provide definitive information concerning the conditions which they are designed
to ascertain, or approved procedures are not followed, you will be required to rerun them,

EPA. cannot determine whether thess tesis will satisfy EGT’s UIC permit requirements
until the results have been submitted and analyzed. All mechanical integrity tests must



st you are
v of my staff by

Ifyou have sy questions about this letter or if you &
unagble to follow the approved proc e dures, please coniact Stephsn R
phons at (312) 886-6556 or by email {o roy.sicphen@epa. gov.

t:;

S@@f@iyﬁ

FS

Stephen M. J 5 Chief
Underground Injection Control Branch

Enclosures

cc: Sam Williams (email only with procedure)
Ray Vugrmovich, Michigan Department of Envirgnmaental Quality (email letier only)
Rich Schildhouse, WSP | Parsons Brinckerhoff (email only)



Loggingmpﬂ ‘

PMULSIL AN WOVRES

o
logical Info

Ejector, ft above BDETTDET, f above BDET

8

MDET, ft above BDET

& s |
CALIBRATION INFORWMATION
Depth BDET, # Depth TDET, # BDET CPSPI Shaly zone Maximum Reading, LD Minimum Reading, LD
EY=lrd
Depth BDET, Depth TDET, # BDET CPSPi Clean zone Mzdmum Reading, LD {Minimum Reading, LD
TS

BACKGROUND LOG (BDET) BEFORE TESTS

Appearance of Lag, lithology discemible, exdremely suppressed, noisy, etc. Is calibration the same as for stafistical checks?

FIRST SLUG fRACKENG SEQUENCE

Flow Rete, gpm

Velacity in tubing, fps

Depth of deflection on

Slug Split? ves orno

Depth of Split, #

3

Soxed up, yes orno.

Deflection on 1st pass

Deflection/Background

Passes Through Slug

fmmun Siug Depth,

Distance shave shoe,

i Maxirr&ﬁlu@l}eplh. &

BOET?

LD

FIRST STATIONARY TEST
Depth of BOET, #t Depth of TDET, ft BDET to open inferval] Time at station, mins | Injeciion Rafs, gpm  {Log Divisions per Minute
Dapih at Injection, ft BDET above end of |Reached BDET up, {Reach UDET up, LD |Velocity Up, f/min
tbing or casing, & LD
2nd Setting Depth, Time of resst Slug already passed Reached BOET up, {Siug arival ime
BDET? LD
3rd Sotting Depth Time of reset Slug slready passed Reached BDET up, |Slg emival ime
BDET? LE
41h seftiing depth, /t Time of resst Slug already passed Reached BODET up,  [Slup amval time Upper Lismit of Movemant, &




ATION FOR ANALYSIS OF PRESSURE FALL-OFF TEST

4

e S

~ BACKGROUND INFORM

SNETSE

TESTDALE
S-A-io ‘% 10| -
GEOLOGICAL DATA
FOROSITY, decmal NET PERVIEABLE THICKNESS, L. [VISCOSITY, o, COMPRESSIBNITY, per pa)
0.11 ; 133 1.22 6.20E-08 B
WELL AND OPERATION DATA
PRETEST FLOW RATE, gpm INIECTAIE TEMPERATURE, deg.F
PRETEST ELOW tIME, hirs, INJECTAIE SPECIFIC GRAVITY
Nso e
CUMULATIVE VOLUME NJECTED SINCE LAST PRESSURE EQUALIZATION, gallons
TEST DATA
GAUGE CALIBRATION DATE
e = Q ~2Z0\ \»
FLOW RATE, gpm T [WNITIAL PRESSURE. pst ©___ |FINAL PRESSURE, psi TO SUPFORT FULL COLUWIN, psi |
2o-2) a3 1193 -
TEST LENGTH, hrs. TWITIAL GRADIENT, psifit. | FINAL GRADIENT, pSifit. FINAL FLUID LEVEL, it
2215
REMEMBER

1. Injection of normal injectate at normal rate is preferred.
2. Please compare data in your records to that in the gray cells above. If there is a difference, be sure the
correct information is noted. Please fill in the information in the other cells.

3. Please submit an Up-to-date well schematic

4. Data should be collected at the maximum rate for at least the first five minutes; between five and thirty
minutes at no less than one reading every 30 seconds. After thirty minutes, the operator can reduce
frequency as required.




Faciiy Name

Romulus Facility

OUND INFORMATI

“|Operaior

Environmental GeoTechnologies, Inc.

Well Name
Well #1-12

USEPA Permit Number
MI-163-1W-C010

County

Tesi Date

1-23 -\

Wayne_

Michigan

Well and Operational Information

‘Top of Open Interval, ft

Tubing Depth, ft

Date of Last Injection

Is This a Mulii-Zona Facility?

4080 4050 T -23 2L
Depth to Base of USDW, it Name of lowermost USDW Hour of Last Injection Other Zones Used ai Facility
387 Dundee Limestone
Depth to Top of Permitted Int, ft Name of Injection Interval Volume Injected in Past Year, gal |Name of Shallower Injection Zone
3467 Trempealeau, Franconia,

Plugged Back Depth, it.

I'otal Depth, it
4645

njectate Temperature vanance, = F

Depth to Shallower Injection Zone, it

Calibration Information

Logging Information

Cow Gauge Temperature, - F High Gauge lemperature, = F Time of Start of Logging
S=.28 Loe.O

Cow Thermometer Iemperaidre, = F High Thermometer [emperaiare, = F Days Since Last [njection Maximum Log Depth, ft.
St.O o&. = ASO

Were Log Readings Adjusted? Gauge Calibration Date Multiple Log Runs? ? g Maximum Logging Speed, ft/min

apart

3. Record log data at one measurement per foot.
4. Record natural gamma ray aciivity log with temperature.
5. Log top to bottom. Keep logging speed below 30 feet per minute.

6. Log quality in air-filled holes can be improved by logging at a slower speed. Please reduce logging
speed to less than 20 feet per minute in the top 1000 feet of air-filled holes.

1. Well should have been shut in for at least 36 hours.
2. If well cannot be shut in for 36 hours, shut in as long as possible and run two logs at least six (6) hours

8. Submit digital logging data on a CD in .las or .asc format
9. Please submit an up-to-date well schematic

'I7. Please compare data in your records to that in the cells above. [f there is a difference, be sure the
correct information is noted. Please fill in the other cells.
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